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ABSTRACT  This  article  discusses  the  development  process 
associated  with  mobile  communications.  Through  a  comparison  of 
ground  mobile  communications  and  satellite  mobile  communications, 
it  points  out  the  necessity  of  developing  satellite  mobile 
communications.  Through  a  comparison  of  synchronous  orbit  and  low 
orbit  mobile  communications  and  a  comparison  of  single  beams  and 
multiple  beams,  a  course  of  development  is  put  forward  for 
satellite  mobile  communications  suited  to  China's  actual  economic 
strength  and  satellite  technology  level.  Besides  participating  in 
a  pan  national  satellite  mobile  communications  system  to  resolve 
partial  international  mobile  communications,  we  should  go  down  the 
path  of  developing  synchronous  orbit,  multiple  beam  satellite 
mobile  communications . 

SUBJECT  TERMS  Mobile  service  satellite  communications 
Analysis  China 
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1  INTRODUCTION 


Satellite  mobile  communications  is  a  very  rich  and  attractive 
new  field  in  satellite  communications.  It  will  open  up  a  new  era 
in  global  personal  communications.  In  conjunction  with  this,  it 
very,  very  greatly  promotes  the  development  of  society's 
"informationizing" .  It  possesses  important  significance  with 
regard  to  such  developments  as  economic  and  military.  In 
conjuction  with  this,  it  possesses  very  high  commercial  value.  As 
a  result,  it  is  drawing  serious  attention  from  a  good  number  of 
nations  day  by  day.  One  after  the  other,  development  plans  are 
drawn  up  and  companies  are  set  up  to  carry  out  technological 
development.  An  international  competitive  upsurge  is  just  in  the 
midst  of  appearing.  This  article  compares  ground  mobile 
communications  and  satellite  mobile  communications.  It  compares 
synchronous  satellites  and  nonsynchronous  satellites.  In 
conjunction  with  that,  it  carries  out  a  comprehensive  analysis  with 
regard  to  the  use  of  new  technologies  associated  with  satellite 
mobile  communications,  probing  into  routes  and  directions 
associated  with  China's  satellite  mobile  communications 
development . 

2  DEVELOPMENT  AND  COMPARISON  OF  SATELLITE  MOBILE  COMMUNICATIONS 
AND  GROUND  MOBILE  COMMUNICAITONS 

2 . 1  Development  of  Ground  Mobile  Communications 

In  the  1970' s.  Bell  Telephone  Laboratories  put  forward  the 
concept  and  theory  associated  with  cellular  systems.  In  1979,  on 
the  basis  of  this  theory,  AMPS  (ADVANCDE  MOBILE  PHONE  SYSTEM) 
service  was  implemented  as  well  as  comprehensive  testing  of  system 
performance.  In  conjunction  with  this,  it  was  put  into  commercial 
use. 

The  initial  steps  in  China's  mobile  communications  were 
relatively  late.  In  the  early  1980' s,  China  designed  its  own  small 
capacity  8  frequency  channel  public  mobile  telephone  system.  It 
began  to  be  put  into  use  in  Shanghai.  Such  large  cities  as 
Beijing,  Guangzhou,  Shanghai,  and  so  on,  are  just  in  the  midst  of 
turning  their  hands  to  the  construction  and  use  of  cellular  type 
public  mobile  communications  networks  associated  with  program 
controled  switching  technology  and  microprocessor  control. 
Moreover,  public  wireless  paging  service  began  in  the  early  1980 's 
and  developed  rapidly  after  that. 

2.2  Development  of  Satellite  Mobile  Communications  Systems 

Satellite  mobile  communications  systems  refer  to  moving 
objects,  such  as  vehicles,  ships,  aircraft,  individual  people,  and 
so  on,  making  use  of  satellites  to  carry  out  communications 
services.  It  is  an  extremely  lively  realm  of  newly  developed 
satellite  communications.  The  development  of  it  will  open  up  a  new 
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era  in  global  personal  communications.  /tk 

making  use  of  geostationary  satellites  to  carry  out 
mobile  communications  is  concerned,  first  uses  were  made  for 
military  pulses.  In  the  1970 's,  it  expanded  into  civilian  uses 

satellite  organization  set  up  thr 
world  s  first  global  mobile  communications  satellite  system  Tn 

conjunction  with  this,  it  developed  toward  land  and  air  mobile 
communications  service.  mooiie 

last  years,  a  number  of  companies  in  the  world  have 
after  the  other,  the  utilizing  of  low  orbit 
satellite  groups  to  organize  networks,  realizing  satellite  mobilf» 
communications  systems  with  global  coverage.  Frequency  bands  for 
which  option  is  made  for  usage  are  UHF  and  L  frequency  bands . 

2.3  Fiber  Optic  Communications 

In  the  last  few  years,  the  development  of  fiber  ootic 
coiiMunications  has  been  extr^ely  fast.  In  large  and  medium  cities 
as  well  as  regions  of  population  concentrations,  fiber  optic 
communications  add  regional  mobile  communications,  causino  the 

'  capacity,  and  sensitivity  to  all^achieve 
extremely  large  increases.  However,  in  such  frontier  reoions  as 

infill  casSr  tn^theS^®®  there  are  geographical  limitations 

there  IS  no  way  to  lay  fiber  optics  or,  from  the 
angle  of  economics,  it  is  considered  not  to  be  appropriate  to  lav 
fiber  optics,  and  cellular  network  areas  are  set  up.  At  the  ^ 
present  time,  mobile  communications  have  still  not  l^en  decided  on. 

Mobile°2l™unicu?fonr®^^^’'®  Communications  and  Ground 

Ground  public  mobile  communications  which  have  developed 
relatively  fast  are  cellular  telephones  and  call  forwardinq 
devices.  Due  to  the  fact  that  there  are  limits  on  the  effective 
mobile  subscriber  transmission  stations  (circles  of  5- 
15km  radius),  in  order  to  cover  subscriber  wandering  areas,  it  is 
necessary  to  set  up  enormous  relay  networks.  As  a  result 
investment  costs  are  large.  Monthly  rental  fees  are  high!  it  is 

large  cities  or  busy  areas  on  the 
two  sides  of  highways.  It  is  not  possible  to  resolve  the  problems 
of  mobile  coimiunications  in  the  whole  country  or  the  whole  world 
This  IS  particularly  the  case  in  China's  border  regions.  It  is 
difficult  to  spread  cellular  telephones  to  large  farming  villages 
or  even  medium  and  small  cities.  Due  to  the  fact  that  ^ 

ranges  are  broad,  satellite  mobile  communications 
optimum  choice  for  resolving  pan  national  and  even  global 
mobile  communications.  The  initial  investment  may  be  comparatively 
large.  The  decisive  factor  is  the  number  of  subscriber^  ^ 

Following  along  with  improvements  in  satellite  technology,  batches 
of  subscriber  devices  will  grow,  in  the  end,  lowering  u^r  initial 
installation  costs  and  monthly  rental  fees,  thus  entering  into  a 
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positive  cycle.  A  comparison  of  satellite  and 
communications  is  shown  in  Table  1. 


ground  mobile 


Communications  and  Ground 


Category 


Satellite  Mobile 
Communications 


Ground  Mobile 
Communications 


Communications  Range 
Coverage  ;=Range 

Frequency  Band 
Frequency  Complex 
Utilization  Rate 
Communications 
Capacity 

Communications  Quality 


For  Communications  in 
Regions  Undeveloped 
Economically  and  in 
Communications 
One  Time  Investment 
(Covering  the  Whole 
Country  or  the  Whole 
World) 

Level  of  Universality 


Long 

A  Nation,  A  Region, 
Even  Up  to  Global 
UHF,  Ku,  Ka,  L 

High 

Large 

Good 


Effective 


Large  - 

In  Development  and 
Application  Phase 


Short 

Local  Region 
SW,  L,  UHF 
High 
Large 

Good  ( Somewhat 
Worse  Than  the 
Quality  Making 
Use  of  Short 
Wave) 


Ineffective 


Even  Larger 
Comparatively 
Universal  in 
Large  and  Medium 


Ease  of  Connection  to 

Ordinary  Telephone 

Networks  Easy 


Cities 


Easy 


^®l®tionships  Linking  Satellite  Mobile  Communication 
Satellite  Navigation  and  Positioning  Technology 


and 


Mobile  communications  and  navigational  positioning  are 
primarily  services  for  mobile  users.  Navigation  is  mobile  users 
acquiring  their  own  position  and  speed  information  from  navigation 
systems,  guiding  their  own  courses.  Positioning,  by  contrast,  is 
letting  a  third  party  know  the  mobile  subscriber’s  position.  In/26 
this  type  of  situation,  mobile  subscribers  who  possess  navigation 
systems,  need  to  have  mobile  communications  working  together.  When 
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making  use  of  difference  methods  in  order  to  ^  systems  require 
precisions,  mobile  communications  are  increase  measurement 

Moreover,  it  is  generally  mobile  more  indispensable, 

inertial  navigation  who  Lwavi  J  ^se  of 

agencies  and  receive  command^control . °  status  to  command 

require  inertial  navigation'^S'^positionino^^^M 
a  number  of  mobile  comunicationf  svsJ^mc  Moreover,  there  are 
system  itself-which  then  rTqu?re  "Iridium- 

associated  with  mobile  users  reven  i  f  position  coordinates 

then  is  it  possible,  on  the  basi®  ol  rough).  Only 

users  are  located  at  that  time  to  set  where  wandering 

result,  with  regard  to  users  who  up  call  processes.  As  a 

positioning,  and,  at  the  same  time  ^^ertial  navigation  and 

communications-besiderdeSians^hioh 

(for  example,  GPS/Glonass)  and  mobile  navigational  receivers 
and  connect  them  together  at  the  Remo  user  devices 

into  the  taking  of  precision  naviaa^fon 

mobile  communications  and  combinincr  f  hom  -i-  ^  J^®-^'*^ioning  as  well  as 
Dual  satellite  posi^ioninq  s^Sis^  i system, 
functions  in  these  tto^treaT.^^l^wever  possess 

present  time  are  onlv  canahi^  «f  K?a®  '  designs  at  the 

DS^idenl  XvenWe''sys\'iX 

in  the  midst  of  attempting  to  «soTve°  thi”s  "oJowL^^fXh 
positioning  and  bidirectional  r'nmniiir.^  ^=5^®  problem  (both  passive 

synchronous  orbits  and  the  Sse  of^laJXi??® 

large  angles  of  inclinauln“f  elliptical  orbits  with 

commun?oa?IoSI  &roS,  Xlh 

IS  possible  to  provide  on  satel  i  i  f^«  radiated  powers  which  it 

Antenna  dimensions  which  can  be  supplied  on°Mtenites“”hau®'^®f’^‘ 

Mor^?er“irfaXat“XH  ~  and''hl:her"° 

swit^Ung  ?ec?nll"oyi"e  cTncS"  i°t  i"^Xifb!“*f 
uWlizaWon  ?al:s“®  ^>^®iuency  spectrXSp^X 

international  communications.  The  development  of  vsA^technolo^ 


makes  antenna  diameters  go  from  around  3m  (C  wave  band)  to  null 
points  of  several  meters  (KU/  Ka  wave  bands) •  Moreover/  domestic 
trunk  line  ^  communications  also  have  expanded  out  further  to 

communications  associated  with  various  specialized  networks _ farm 

villages  and  border  regions  sparcely  served  by  communications 
channels*  Their  characteristics  are  small  volume/  light  weight 
large  capacity/  and  low  cost.  It  is  possible  to  install  them  on 
the  roofs  of  buildings.  They  are  easily  moved.  They  save  on 
communications  lines  connecting  satellite  ground  stations  to  users. 

In  economic  terms /  they  make  a  good  number  of  medium  and  laroe 
enterprises  capable  of  reception. 

Following  along  with  further  stengthening  of  satellite  useful 
load  capabilities/  there  have  been  further  reductions  in  the  size 
of  user  device  antennas.  With  hemispheric  wave  coverage/  there  is 
no  need  for  satellite  alignment  and  tracking.  User  device  volume/ 
masS/  and  price  have  dropped  to  a  large  extent/  thereby  making 
entry  into  the  realms  of  mobile  communications  and  individual 
global  communications  even  more  convenient.  Moreover/  large 
increases  in  the  numbers  of  users  have  also  further  lowered  costs 
and  rental  fees  of  user  devices. 

3 . 1  Ship  Borne  Stations 


Due  to  the  needs  of  oceanic  shipping  for  navigational  safety 
and  communications  over  broad  ranges  of  ocean/  it  is  permissible  on 
ships  to  install  relatively  expensive  meter  range  diameter  tracking 
antennas.  As  a  result/  ship  borne  satellite  mobile  communications 
achieved  development  first.  As  far  as  hemispheric  coverage  waves 
associated  with  satellite  borne  low  ERIP  are  concerned/  only  three 
to  four  geostationary  satellites  are  required/  and  it  is  possible 
to  realize  global  mobile  communications.  This  the  key  element 
associated  with  the  early  success  achieved  by  Inmarsat[l]  satellite 
communications.  In  essence/  it  was  an  extremely  scattered  form  of 
global  mobile  communications.  China  has  over  3000  oceanic  steam 
ships.  At  the  present  time,  there  are  only  101  A  model  units  of 
maritime  satellite  user  stations.  Following  along  with 
requirements  of  international  maritime  organizations ,  Chinese  ocean 
going  ships  must/  from  now  on,  bring  in  applications  of  Inmarsat 
channels.  However/  there  are  large  numbers  of  coastal  fishing 
boats /  passenger  and  cargo  steamers /  and  inland  river  steamers 
which  should/  by  contrast/  be  brought  into  the  category  of  domestic 
mobile  communications. 

Ij^arsat  has  aggressive  tendencies  toward  aviation  mobile 
communications  and  land  mobile  communications  development. 
Miniaturized  C  reference  stations  which  transmit  data  at  code 
speeds  of  600kbit/s  suit  the  current  satellite  levels.  B/M 
stations  developed  in  association  with  second  generation  satellites 
have  the  ability  to  provide  small  numbers  of  stations  which  can  be 
moved  by  hand/  satisfying  the  requirements  of  voice  communications. 

However/  third  generation  satellites  increase  partial  beam 
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beam  coverage,  by  contrlet,  enters '  iito\he  2ataqo?J 
mobrle  communications,  Inmarsat's  advantage  rests  on  in  thi® 
foundation  of  maritime  satellite  communications  it  is  caLbS  nf 
seizing  the  aviation  and  land  mobile  communicaJIins  Lrket  iSad  ll 

3 . 2  Airborne  Stations 

conjuSrtioi°SitrthisrtSf  two®win®L^?aken%Sd®t.SbiS; 

^PPiications  to  form  automatic  dependent  surveillance  systems  thuR 

tK  sS;?S  ^ . "^?^9«“ent  functions  For  tbe^ke  ll 
the  safety  of  civilian  aviation,  there  is  a  requirement  for 
aviation  mobile  communications  to  monopolize  1645.5  -  1656  BMHz 
associated  with  the  L  wave  band  to  act  as  uo  link  anrf  S 

^  gradually  realize  voice  communications. 

Ra+-diiT?f°^®v.^^®  realization  of  aviation  mobile  communications 

the  aDDlication^of°rh  future,  the  optimum  path  is 

tne  application  of  the  Inmarsat  system.  First  of  all  rMii 

ow  data  rate  communications  and  carrying  out  tests  of  airborne^ 

It^fs  ^ains  are  increased  to  a^u^d 

??  concerned;  everiLuqh 

JoutL  ii  is^tffr.®'  “  aircraft  on  intsrnatJSnS  ® 

routes.  It  IS  still  acceptable  in  economic  terms. 

P^®®®at  time,  China  has  over  100  civil  aviation 

iitSnftionsT  2000,  this  could  approximately  double.  On 

international  routes,  renting  Inmarsat  is  relatively  easv  to 

n?obWR  respect  to  satellite  communicatiLs 

Selinas  airc?St  wit'h"’oth^''^®  numbers  of  domestic  flight  routes  as 
well  as  aircraft  with  other  uses,  domestic  satellite  mobile 

communications  integration  should  be  taken  into  consideration. 

3.3  Vehicle  Borne  Stations 

Vehicle  borne  stations  basically  belong  to  satellite  mobile 

®P®®'i  "‘oOements.  T^e  vS?SieS 

and  masses  which  are  acceptable  in  them,  make  it  so  that  they  are 

sSle  ih«R°  ^^®  ''®®  of  nondirectional  antennas  and/L 

s^ple  phase  control  array  antennas.  Moreover,  their  prices  must 
much  lower  than  the  prices  of  motor  vehicles.  Within  larae 
cities,  cellular  telephones  are  the  main  competitive  opponent 
mobile  cou™unications  of  e  pan  natiLal 
contrast,  cannot  help  but  be  satellite  communications.  The  maskino 

buildings  are  worthy  of  attention.  ana 
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3 . 4  Hand  Held  Devices 

This  is  a  higher  form  of  requirement  on  satellite  mobile 
communications.  User  devices  are  only  able  to  opt  for  the  use  of 
low  gain  nondirectional  antennas.  Moreover,  masses  can  only  be  a 
few  kilograms .  Hand  held  devices  belong  to  the  realm  of  individual 
mobile  communications.  That  they  require  a  drop  in  price  goes 
without  saying.  In  general  cases,  hand  held  telephones  must 
operate  outdoors.  This  can  create  quite  a  few  inconvenient 
situations.  Hand  held  paging  devices,  by  contrast,  can  operate 
indoors . 


3.5  Transportable  Stations  and  Fixed  or  Semifixed  Stations  in 
Regions  with  Few  Roads 

In  principle,  this  type  of  station  belongs  to  fixed  satellite 
communications.  It  permits  directional  antenna  operation.  The 
dimensions  and  masses  -of  moveable  station  antennas  as  well  as  user 
devices  should  be  smaller  than  VSAT.  However,  compared  to  mobile 
communications,  the  relaxation  of  requirements  is,  by  contrast, 
much  more.  Moreover,  as  far  as  areas  with  few  roads  are  concerned, 
in  principle,  it  is  possible  to  make  use  of  VSAT  to  realize 
communications  tasks.  As  a  result,  this  type  of  station  should  not 
be  the  primary  service  object  associated  with  mobile 
communications.  In  areas  where  it  has  already  been  determined  to 
realize  satellite  mobile  communications,  and  mobile  user  equipment 
prices  and  rental  fees  are  cheaper  than  VSAT,  this  type  of  user 
requirement  can  be  met  by  mobile  communications . 

4  STATIONARY  ORBIT  AND  LOW  ORBIT  SATELLITE  MOBILE  COMMUNICATION 
COMPARISON 

Satellite  mobile  communications  are  divided  into  the  two  large 
categories  of  stationary  orbit  and  low  orbit.  As  far  as  which 
orbit  China ' s  mobile  communications  should  opt  for  the  use  of  is 
concerned,  there  is  a  need  to  carry  out  analyses  and  comparisions 
in  numerous  areas. 

4.1  The  Area  of  Power  Transmission  and  Consumption  /28 

With  respect  to  satellites,  using  power  P,  effective  range  R, 
and,  in  conjunction  with  that,  using  beam  solid  angle  Q  radiation, 
the  flux  density  T  which  arrives  at  user  locations  on  the  surface 
of  the  earth  (power  on  unit  surface  area)  is 

7  =  P/(R2  Q)  =  P/M 


8 


with  regard  to  conical  beams 


1 


i2  =  4nsin*(^/4) 


(1) 


In  this,  M=R2fi  is  the  satellite  beam 
width  angle. 

Assiuiing  that  user  antenna  area 
consumption  is  L,  then,  user  received 


coverage  area.  6  is  beam 

is  Ae  and  all  the  additional 
power  S  is 


S=PAe/(ML) 

.  P«=SML/Ae 

When  signals  are  transmited  to  n  users,  overall  satellite 
transmission  power  is 


Pz  =  nS^fL/ A,  =  nP 


The  explanation  for  this  is  that,  when  the  required  recention 
signal  power  S  is  fixed  and  the  number  of  users  is  fixed,  the  total 
transmission  power  which  is  required,  2  ,  and  M/Ae  form  a 

irect  proportion,  that  is,  the  ratio  of  beam  coverage  spherical 
surface  area  and  user  antenna  surface  area  forms  a  direct 

there  is  no  relationship  with  effective  range 
(that  IS  also  nothing  else  than  that  there  is  no  direct  ^ 

relationship  with  orbital  altitude),  if  m  makes  use  of  m 

coverage,  then,  the  total  radiated  power  is  also 
capable  of  dropping  to  be  the  original  1/m.  However,  within  m 

is  maintained  invariable.  At  this 
time,  the  total  transmission  power  is 

Pz  =  nSML/(.mA. )  =  ( n/m  )P 

It  is  already  known  that  the  gain  of  antennas  on  satellites^is 


G=47rAs’n  /X2=4m\/n 
or 


fi=A2/As 
D,  —2XI\/  nQ 


(3) 


In  this,  A  is  wave  length.  As  is  transmission  antenna 
satellites.  Ds  diameter  of  antennas  on  satellites,  n 
efficiency.  ' 


area  on 
is  antenna 


On  the  basis  of  the  formulae  described  above,  analyses  and 
comparisions  are  carried  out  with  regard  to  low  orbit  mobile 
communications  systems  (using  the  "Iridium"  system  [2]  to  act  as 
example)  and  geosynchronous  satellite  systems.  Calculation 
parameters  are  set  out  in  Table  2. 


an 
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Table  2  Comparision  of  Low  Orbits  and  Synchronous  Satellite  Orbits 


CD^  s 

H/km 

'  ■ 

(M/m)/ 

dBm* 

L/dB 

P/W 

il/rad* 

e/C) 

Ds/jn 

767.1 

.  1 

j  132.39 

17 

4.43 

3.287 

123.03 

0.12 

37 

]  117.54 

16  i 

0.115 

0.1074 

21.22 

0.65 

I 

1 

1 

1 

130.10 

13 

1.04 

6.91  XlO*’ 

5.4 

2.55 

35  786  ! 

37 

115.24 

15 

0.054 

■  2.'’59X10'‘ 

1.0 

14 

> 

8 

121.89 

15 

0.25 

1.045X10**  { 

2.1 

6.54 

Cl>: 


Key:  (1)  Altitude  (2)  Beam  Number  (3)  Note:  With  regard  to 

various 

types  of  configurations,  S=-165.46dBW,  i  =  0.187  tm,  Ae  = 
0.00056m2  (Changing  it  into  a  decibel  value,  it  is  -22.52dBm2) 

(1)  S  Calculations 

S  is  the  voice  signal  power  received.  In  forward  error 
correction  code  (FEC),  opting  for  the  use  of  a  constraining  length 
of  K=7,  efficiency  r\  =  3/4.  During  Weitebi  (phonetic)  decoding  and 
soft  determination,  the  required  Eb/No  =  3.6dB. 

b  is  voice  code  speed.  Option  is  made  for  the  use  of 
compressed  voice  at  4.8kbit/s.  Down  link  transmission  opts  for  the 
use  of  time  division  multichannel  TDM  systems.  After  giving 
consideration  to  encryption  efficiency,  data  rates  should  be 
selected  at  6kbit/s.  When  consideration  is  again  given  to 
demodulation  on  satellites  and  switching  between  beams,  option  is 
made  for  the  use  of  digital  speech  interpolation  technology  (DSI). 
When  users  are  not  talking,  data  is  not  transmited.  Average  code 
speed  can  be  reduced  by  half.  Therefore,  selection  is  made  of 
b=3kbit/s  or  b=34 . 77dBbit/s .  When  user  reception  terminal 
equivalent  noise  temperature  is  T=300K,  /29 

No=KT=-203 . 83dBW 
S=Eb/No+b+No=- 165.4  6dBW 

(2)  Calculation  of  M/m 

Iridium  system  orbital  altitide  is  H=767.1km.  Mimimum  angle 
of  elevation  associated  with  user  antenna  operations  is  E=10*. 
Because  the  geocentric  tension  angle  associated  with  disk  coverage 
is  2cc—36 .96  ,  it  is  thus  possible  to  solve  for  satellite  beam  angle 
0=123.03*.  The  corresponding  fi=3.287rad2  .  Beam  edge  slant  range 
R=2297.6km.  In  accordance  with  M=R2£2,  it  is  possible  to  solve  for 
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results.  M/m  is  calculated  in  accordance  with  beam  soliri  ^.nrri^ 

o1  r  "cic?en“sn=5’^o'''4^“r*\^^^  !eli?t">lr 

region  is  result,  the  area  of  the  coverage 

r  1  n  ^.M=(/T/4D2xsin  E  =  130.1dBm2) 

( 3 )  Calculations  of  Ae 

Mobile  F  ibscriber  antennas  should  possess  unr>#»r  hoTm*®»^v. 
beams,  0=2,7.  Gain  G=4a/0-2.  when  frequ^n^cies 

.  Ae=A2/£2»5.595xl0-3m2 

(4)  Calculations  of  L 

As  far  as  feeder  line  losses  associated  with  antennae  on 

concerned,  when  there  are  single  beams  thev  a-ro 
there  are  multiple  beams,  they  are  3dB.  Low  orbit 

oprating  angle  of  elevation  E  is  10“ .  Assumina 

ring  beam  gains  to  approximately  3dB.  This  should  be  deducted  in 

(5)  Calculations  of  P 

ae  formula  (2),  assume  n=l.  Results  clearly  show  that  as  far 

uaari°^r>,i°'*^  orbits  and  high  orbits  are  concerned — when  37  beams  are 
upd— the  average  power  which  is  accounted  for  by  each  so^f^h 

Althnuih°!^  sapllites  roughly  approaches  between^0.05-0.1W. 

replts  for  synchronous  satellites  have  a  slight 
advapage  the  antepa^^^^^^^  ^°yever,  require  14m.  Team  width 
xs  1  .  Tecnnical  difficulties  are  increased  sever Iv.  With 
spchpnps  spellites  adjusted  for  the  use  ol  eight  be^s  each 

a  power  of  0.25W.  Antenna  diameter  it 
Llth\r.  width  IS  2.1“.  This  is  close  to  the  paramtert  of  the 
mobile  spellite  communications  system  (MSAT) . 
ptplpe  antennas  opt  for  the  use  of  ground  beacon  trackina 
technolop.  it  is  popible  to  mpntain  precisions  of  ±0.1*  ?3a) . 
arnorHan^  repp  to  the  calculation  of  communications  channels — in 
ttt  ^  recipropty  theorems~the  results  described  above 

are  basically  suitable  for  use.  However,  certain  corrections  are 
necessary.  The  noise  temperature  on  board  satellites  is  BOOK 
This  IS  pised  2.63dB  from  the  300K  of  the  grotnd  L  uttt  ire 
pt  capbp  of  opting  for  the  use  of  digital  speech  interpolation 
tepnologies.  There  is  no  improvement  on  the  average  code  spLd  of 
nr.  differences  in  up  and  down  link  frequencies  are  iqnored 

up  link  power  should  increase  5.63dB,  that  isT  the  mean  LSSnSlus 
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wave  power  associated  with  each  user  device  channel  should  be  3.7 
fold  of  the  down  link. 

4 . 2  Economic  Comparisons 

Resolving  that  domestic  coverage  of  China  only  requires  one 
geostationary  satellite,  basic  band  data  is  switched  between  beams 
on  the  satellite.  User  angles  of  elevation  are  greater  than  27°. 
However,  low  orbit  satellites,  by  contrast,  require  40-80 
satellites  in  order  to  maintain  unbroken  communications.  Elevation 
angles  of  user  terminal  operations  are  capable  of  dropping  to  10*. 
Basic  band  information  needs  to  be  simultaneously  switched  between 
beams  and  between  satellites.  Resolving  domestic  coverage  by  the 
use  of  geostationary  satellites,  is  comparatively  economical  in 
terms  of  funds. 

4.3  Continuity  of  World  Ranges 

Geostationary  satellites  are  capable  of  going  through 
international  network  methods  to  resolve  global  communications .  In 
conjunction  with  this,  it  is  possible,  on  the  basis  of  user  /30 
distribution  densities  and  user  characteristics  in  different 
regions,  to  determine  coverage  ranges  and  ERIP  values  associated 
with  each  satellite.  For  example,  the  ships  of  maritime  regions 
are  scattered  and  few.  Moreover,  G/T  values  on  ships  or  aircraft 
are  relatively  high.  It  is  possible  to  make  use  of  wide  beam 
coverage.  As  far  as  the  ground  is  concerned,  it  is  possible  to  opt 
for  the  use  of  tracking  antennas  in  order  to  increase  gains. 
Moreover,  in  areas  where  population  is  dense,  it  is  then  possible, 
in  accordance  with  terrain  requirements,  to  design  multiple  beam 
coverage.  Thus,  it  is  possible  to  save  on  satellite  energy. 

As  far  as  stationary  satellite  global  netting  is  concerned, 
time  delays  are,  generally,  comparatively  large.  Going  through 
direct  switching  of  data  on  satellites,  it  is  possible  to  make 
appropriate  improvements . 

4.4  Satellite  Mobile  Communications  Frequency  Bands  and  Beam 
Selection 

From  formulae  (1),  (2),  and  (3),  it  is  possible  to  further  derive 

P  =  ( SL'M/m )  X  ( 1/ A )  =  f  )  X  ( 2,/A‘ ) 

=SLR^xQJA.  (4) 


In  this,  S  and  L  are  constant  values.  When  orbits  and  required 
coverage  areas  are  determined  (This  location  still  takes  China's 
land  coverage  area  as  the  required  subject),  R  and  Q  are  also 
constant  values.  In  expressions,  the  symbol  subscript  "s"  refers 
to  satellite,  "e"  refers  to  earth  station. 

(1)  Hand  Held  Device  User  Terminals 


12 


As  far  as  the  requirement  for  user  device  antenns 

is  concerned,  azimuths  are  omnidirectional 

equivalent  parabolic  surface  di2ne?e^  dSS  aV 

this  tune,  operating  wave  lencrth  ^  n  leter  ue^u .  im.  At 

fe  2:  1357MHZ.  This^  is  close Electing  “atelliS  mobif^^^ 

^’^^'Juency  fe  -  UOOMHf,  xl  =  oi87ta,"Ind  L 

H=767!'iS--dS*S  “ol”  sateYut^'le  associated  with 

need  to  opt  for  the  use  "f  iL^ensive  ^ 

Assuming  satellite  borne  antenna  diameter  Ds=o  65m 

-  o-iHiraS 

lo?  '^ype  of  ante^a  has  no  need  to’  °p” 

«Lize  L  '=®'=»'.ology.  it  is  comparatively  easy  to 

realize#  As  far  as  the  second  type  is  conceTn^^H  ne— mxi* 

type  of  antenna  requires  opting  for  the  use  of  developinc* 
technology  "^teover,  there  is  a  need  for  beam  widths  la?ger  than 
•  at:  tills  tune,  there  is  only  a  reguirement  for  o  i  ®  h^cx^m 

alig^ent  precisions.  In  technological  terns  this  , 

\  case,  ?s=2to  ^hif  requires 

reMltef**  antenna  technology.  Table  3  gives  calculation 


Table  3  Geostationary  Satellite  Beam  Width 


Dt/m 

2.5 

6 

20 

m/smssc  (f) 

1 

7 

! 

75 

(fl,/in)/ra<l* 

6.912xl0-‘ 

1.194  X 10"’ 

[  1.114X10-' 

e./n 

5.37 

2.23  j 

0.682 

Key :  ( l )  Beam  Number 


In  accordance  with  present  technological 
of  sntennas  around  6m  is  appropriate . 

( 2 )  Rough  Tracking  Stations  which 
Carried  on  Vehicles 

At  this  time,  user  device  antennas 


levels,  opting  for  the  use 
Can  Be  Transported  or 
are  capable  of  roughly 
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aligning  on  satellites.  All  that  is  required  is  ©e^S".  Neither 
manual  alig^ent  on  satellites  nor  rough  satellite  trackinron 
vehicles  will  give  rise  to  difficulties.  It  is  thus  possibirto 
manually  move  equipment  to  fixed  points  for  installation  or^Lrrv 
tracking  on  vehicles.  Equivalent  antenna  parabolic  ^ 
surface  dimeter  of  De-0.4m  is  appropriate.  This  type  of 
communications  system  fits  between  fixed  communications  and  mobile 
comunications .  It  is  relatively  appropriate  for  stationary 

conununications  systems.  However,  with  regard  to  low 
orbit  satellites,  there  are  difficulties  in  tracking  Ind  alignment. 

On  the  basis  of  a=A2/0,  fi=4nxsin2 (ve/4) ,  it  is  possible  to 
solve  for  (6emin/4)=0. 02741m.  The 

corresponding  fmax=10 . 94GHz .  ,3, 

From  formula  (4)  and  Os/m=A2/As,  it  is  possible  to  obtain 


P  =  SLJi^AV(A,A,) 


(5) 


^4.  order  to  reduce  P  values — under  contitions  where  As  is 
determined--one  ought,  as  much  as  possible,  to  select  permissible 
minim^  values  of  A..,,  that  is,  A=0. 2741m,  f=10.94GH2^  It  is 

£2s=6.912xl0-3rad2.  At  this  time.  As  = 
mA2/fis=0.1087xm(m2) ,  thus  Ds=0.372 

0%2°7T.  coverage  coefficient 

This  type  of  multiple  beam  Ku  wave  band  transportable  station 
or  tracking  capable  station  can  be  brought  into  Ku  wave  band  VSAT 
^^"^^^^oations  systems.  It  has  communications  data  rates 
which  are  much  higher  than  hand  held  devices . 

LBILE^CoSflC^liONS^®  development  PATHS  FOR  CHINESE  SATELLITE 


analysis  of  early  user  requirements,  by  the 
year  2000,  China  will  have  approximately  80  thousand  satellite 
mobile  communications  users.  Among  these,  90%  are  communications 
domestic  in  scope 10%  are  international  communications.  On  the 
basis  of  the  technical  analysis  above,  we  put  forward  the  followina 
preliminary  points  of  view.  ^ 


1)  China  should  develop  geostationary  satellite  type  domestic 
and  peripheral  region  mobile  communications  systems  in  order  to 
satisfy  the  requirements  of  the  90%  of  domestic  mobile 
communications,  in  conjunction  with  this,  attention  can  also  be 
paid  to  the  scarceness  of  roads  in  the  border  regions  for 
communications.  When  necessary,  it  is  also  possible  to  pay 
attention  at  the  same  time  to  domestic  navigation  and  positioning 
operations.  If  72  thousand  users  make  use  of  dometsic  mobile 
communications  satellites — figuring  on  9  hours  each  day, 
telephoning  3  times,  and  each  call  being  5  min~—calculating  that 
the  use  of  one  stationary  satellite  provides  2400  channels,  it  is 
possible  to  satisfy  domestic  requirements.  Opting  for  the  use  of 
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5.5in  to  6.5in  diameter  antennas  on  sat^l  i  i -t-oc  j: 

approKiij.ately  2.5  degree  bee:„s  in  ordVr  to  rei^ 

national  territory  will  be  email in  c=re=i«  4.^  '^overage  of  the 

mobile  satellite  Communications  system[3^!  MCreove?°?he^®'''^''®'' 
investment  of  the  latter  in  each  satellite  is  less  than  ^ nn  •  i  t 
U.S.  dollars.  Each  user  station  unit  is  4000  u  I 
bend  ntllizetion  fees  ere  2  n.s!  dollers/tin  Space 

technologJ^e“?e\/e?dttfLf?chISgte%\n°ll^ 

of  forward  error  correction  nni-ion^ie  addition 

code  devices  as  well  as  the  addition  of  digits  sLert  °* 
interpolation  technology  on  down  link  channels  OT^in«  -e 
of^these  technologies  ®it  is  poss^e'^^^S  •ns?r^rtet'al'’|er* 

( phoneSc )  ''dec?^tLn--CSI'^S^tL®e??C?'^co?Cec?Lf 

systems  with  limited  power.  (2  1  7^  cirmonmnine  ^  satellite 
decision  weitebi  (phoLtil  dic^I^n  gSe?“Jy“IrrcSSi°“^r^'^ 
carrying  encryption  and  decryption  gaiL  of  3-4<tt 

Speech  compression  encryption  very,  very  areatlv  rerinreae 

^aSrto“eSa^^ 

4)  When  developing  Ku  frequency  band  multiole  beam  v^Am 

communications  systems .  ^  ^  device  mobile 

5)  China's  dual  satellite  radiopositionina  svstem  ^pnQQ\ 

Z-  satellites.  They  cpSrate  ?L  L/llri^Incv 

navSa^g;  req?LSeSs"LLcffieriith 

navigation,  positioning,  as  well  as  brief,  low  data  rate 
transmission  mobile  communications. 
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